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Websites commonly use animation to capture the attentional resources of online consumers. While prior research has 
focused on the effects of animation on animated banner ads, limited research has examined the effects of animation 
on other items on the same webpage. Drawing from psychological theories that the amount of an individual’s 
attentional resources may vary under different conditions, this study focuses on the effects of animation on how 
individuals allocate attentional resources to both the animated item and the remaining non-animated items. We 
conducted an eye-tracking experiment to follow online consumers’ visual attention while they performed two types of 
online shopping tasks: browsing and searching tasks. The results showed that a product item that used animation led 
to increased visual attention to all items on a webpage, which suggests that the amount of attentional resources 
increases when a webpage includes animation. Meanwhile, animation influenced how individuals allocate their 
attentional resources such that it increased visual attention on the animated item at the expense of attention on non-
animated items on the same webpage. In addition, the type of shopping task moderated animation’s effect on how 
individuals allocate their attentional resources. Specifically, animation’s effect on attracting attentional resources to the 
animated item was stronger when online consumers browsed than when they searched for a specific target item. We 
discuss the theoretical and practical implications of our findings. 
Keywords: Animation, Attentional Resources, Online Consumers, Eye-tracking, Experiment, Website Design, 
Human-computer Interaction. 
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1 Introduction 
In 2016, the Internet population reached 3.3 billion (Internet Live Stats, 2016). As the Internet becomes a 
mass medium with a huge online audience, the design of Internet portals and websites is critical in helping 
arouse and capture online consumers’ attention. One area that particularly needs online consumers’ 
attention is online advertisements, which is the primary source of revenue for many websites. There was an 
estimated US$49.5 billion spent on online advertising alone in 2014 (PricewaterhouseCoopers, 2015). 
Animation represents one technology that websites commonly use to attract online consumers’ attention, 
though it also attracts much controversy. Web animation refers to motion of any kind on websites (Zhang, 
2000). In the early stages of website development, primarily banner ads used animation. However, many 
researchers have questioned animation’s effectiveness in attracting attention or generating click-through and 
describe the phenomena as “banner blindness” (i.e., online consumers ignore animated banner ads as if 
they don’t see it at all) (Benway & Lane, 1998; Burke, Hornof, Nilsen, & Gorman, 2005; Dreze & Hussherr, 
2003). Even with all the criticisms, our survey of Alexa top 100 global websites shows that about 35 percent 
of them still use some sort of animation on their websites, and the percentage increases to 81.3 percent if 
we only look at shopping websites. The newer generation of animation in our survey tends to be more subtle 
(i.e., non-intrusive) as compared to their earlier applications, and we have started seeing animation being 
applied to other content (such as titles and pictures of products) than to the banner ads. 
Due to the practical significance and the extensive use of animation technologies by websites, 
researchers in different fields, including IS (e.g., Hong, Thong, & Tam, 2007; Jiang, Lim, & Sun, 2009; Lai, 
Kuan, Hui, & Liu, 2009; Sun, Lim, Peng, Jiang, & Chen, 2008; Zhang, 2000, 2005; Zorn, Olaru, Veheim, 
Zhao, & Murphy, 2012), human-computer interaction (e.g., Bayles, 2002; Burke et al., 2005; Hamborg, 
Bruns, Ollermann, & Kaspar, 2012; Lee, Ahn, & Park, 2015), marketing (e.g., Baltas, 2003; Cho, 2003; 
Lohtia, Donthu, & Hershberger, 2003; Phillips & Lee ,2005; Sundar & Kim, 2005; Yoo & Kim, 2005), and 
communications (e.g., Diao & Sundar, 2004; Li & Bukovac, 1999) became interested in this phenomenon. 
However, while these prior studies have contributed to our understanding of Web animation’s effects, we 
still have much to learn. 
First, prior studies (e.g., Diaper & Waelend, 2000; Hong et al., 2007) have mostly focused on how 
animation affects the time individuals stay on webpages or the time they take to complete online tasks 
instead of how long they spend specifically on animated items. One can attribute this focus to the scarcity 
of eye-tracking data. In any case, these prior studies have produced inconsistent findings. For instance, 
Hong et al. (2007) found that animation increased the time individuals stayed on webpages regardless of 
whether they searched for a target item or simply browsed without such an item in mind. However, other 
studies (Burke et al., 2005; Diaper & Waelend, 2000) have found no significant relationship between 
animation and the time individuals stay on webpages or take to complete online tasks.  
Second, prior research has mainly focused on animation’s effect on the attention individuals pay to 
animated items and ignored its effects on the remaining webpage content. One can attribute this focus to 
the fact that early studies on animation focused only on animated ads (e.g., Benway & Lane, 1998; Lohtia 
et al., 2003). In the context of e-commerce websites, we need to investigate whether online consumers 
pay attention to both animated and non-animated items, including other products that the websites offer.  
Third, prior studies (e.g., Hong, Thong, & Tam, 2004a; Yoo, Kim, & Stout, 2004) have based their 
hypotheses about animation’s effects on the assumption that individuals have a fixed amount of 
attentional resources. However, some researchers (Humphreys & Revelle, 1984; Kahneman, 1973) 
believe that individuals do not have a fixed amount of attentional resources and that it can vary under 
different conditions. The amount of attentional resources will vary when different types of visual stimuli, 
such as an animated item, induce different levels of arousal.  
Finally, previous studies have typically focused on simple searching tasks (e.g., Bayles, 2002; Burke et 
al., 2005; Rau, Chen, & Chen, 2006; Rau, Gao, & Liu, 2007); few studies have examined different tasks in 
the same study (Hong et al., 2007; Jiang et al., 2009; Li and Bukovac, 1999; Pagendarm and 
Schaumburg, 2001). While some studies have found that animated items have a stronger effect on online 
consumers who do not have a particular goal in mind (Jiang et al., 2009), other studies have not found 
any difference (Li & Bukovac, 1999). As a result, there is a lack of consensus on the moderating role of 
online tasks on animation’s effect. 
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In summary, with this study, we fill the knowledge gaps we identify above by addressing three research 
questions in the online shopping context: 
RQ1: How does animation impact the time individuals spend on viewing webpages? 
RQ2: How does animation impact the attention individuals pay to both animated and non-animated 
items? 
RQ3: How does animation’s effect on the attention individuals pay to both animated and non-
animated items vary across online tasks? 
To answer these questions, we leverage cognitive psychology theories and investigate how animation 
influences the amount of attentional resources that individuals have and how they allocate such resources 
to animated and non-animated items on the same webpage. To resolve the inconsistent findings of prior 
research, we investigate whether animation impacts the time individuals spend on viewing webpages and 
the reasons behind them. We believe that animation has a twofold effect on attentional resources. Apart 
from increasing the amount of attentional resources (Humphreys & Revelle, 1984; Kahneman, 1973), we 
expect animation to influence how individuals allocate their attentional resources to animated and non-
animated-items. To more comprehensively understand animation’s impact on attentional resources, we 
extend the investigation of attention beyond the animated item to include also the non-animated items on 
the same webpage. We assess animation’s effects on attentional resources across two online tasks: 
browsing and searching tasks. To complement prior studies that have used memory measures as a 
surrogate for attention, we use a more direct measure of visual attention with an eye-tracking machine 
(Poole & Ball, 2006; Rayner, 1998). 
With this study, we make three contributions to the existing literature. First, we provide empirical support for 
Humphreys and Revelle’s (1984) and Kahneman’s (1973) conception that individuals’ amount of attentional 
resources can vary in different situations, including in an online environment. Second, we investigate 
animation’s effects on both animated and non-animated items and, thus, provide a more complete picture on 
animation’s effects on attentional resources. Third, we investigate animation’s effects on attentional 
resources across different tasks in order to determine the boundary conditions of such effects. 
This paper proceeds as follows: in Section 2, we review the literature and elaborate on the identified 
knowledge gaps. In Section 3, we present the theoretical background of this research and develop the 
hypotheses. In Section 4, we describe the experiment design. In Section 5, we present the data analysis 
results. Finally, in Section 6, we discuss the findings, their implications, our study’s limitations, and 
directions for future research. 
2 Literature Review 
To understand whether and how the use of animation can influence individuals’ behavior on webpages, 
we reviewed the literature on this topic in IS, human-computer interaction, communications, and marketing 
journals. Table 1 summarizes our review of extant animation studies. 
Based on reviewing the animation literature, we identified three major observations about animation’s 
effects on individuals’ behavior on the Web. First, prior studies on animation have often used recall as a 
surrogate for attention. While recall is a convenient surrogate for attention and easy to apply, it has 
produced inconsistent results (see Table 1). We believe that the discrepancy between recall and attention 
may explain these inconsistent results. For example, when studying the impacts of Web animation, Yoo et 
al. (2004) operationalized attention and memory separately such that they measured attention with self-
reported items and indexed memory with recall and recognition. Their results revealed support for 
animation’s positive effects on self-reported attention but only partial support for its effects on memory. A 
possible explanation for the observed discrepancy is that arousal that animation induces (Heo & Sundar, 
2000; Lang et al., 2002; Sundar & Kalyanaraman, 2004) influences attention and (short-term) memory 
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Table 1. Literature Review of Animation Studies 
Study Task 
Dependent variable: main findings on animation 
Self-reported data (e.g., recall) Behavioral data (e.g., click-through rate) 
Animated Non-animated Overall Animated Non-animated Overall 
Bayles (2002) Searching Ad recall (—); ad recognition (—)      
Benway & Lane 
(1998) 
(experiment 2) 
Searching ad recognition (—)      
Burke et al. 







































Cho (2003) Browsing    
Click-through rate 
() (when product 
involvement is low) 
  
Diao & Sundar 
(2004) Browsing 
Pop-up ads:  
ad recall (),  
ad recognition (); 
animated ads:  
ad recall (—),  
ad recognition (—) 
  




















Ad recall (—);  
brand recognition 
(—); 
brand awareness (—) 
     
Gao, Koufaris, & 
Ducoffe (2004) Searching   
Perceived irritation 
()    
Hamborg et al. 
(2012) Searching 
Recall (); 
attractiveness (—)   
Number of fixations 
(); 
duration of fixations 
(—) 
  




recall of products (); 
animated non-target 
products:  








































the website  
() 
Possibility of being 
first clicked (); 
possibility of being 
clicked in general 
(); 












Ad recognition ()      
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Josephson 
(2005) Browsing    
Number of fixations 
(—);  




at the banner ads (—
) 
  
Lai, Hui, & Liu 






   






   
Lang, Brose, 
Wise, & David 
(2002) (study 3) 
Browsing Recall ();  recognition (—)   
Orienting response 
()   
Lee et al. (2015) Browsing 
Recognition (—); 
attitude toward the 




looked at the banner 
ads () 
  












Recall and recognition 
are higher in browsing 
than in searching 
     
Phillips & Lee 
(2005) (study 2) Browsing 
Attitude toward the 
character ()  






   
Rau et al. (2006) Searching 
Recall (—);  
recognition (); 
ad attitude (—); 
brand attitude (—); 
purchase decision (—) 
     
Rau et al. (2007) 
(study 2) Searching 
Floating animation: 
recognition (—)  
Floating animation: 








Browsing Recall (—);  recognition (—)   
Physiological arousal 
()   
Sundar & Kim 
(2005) Browsing 
Attitude toward the ads 
();  
attitude toward the 
products () 
     
Yoo et al. (2004) Browsing 
Self-reported attention 
(); 
recall (); recognition 
(—); 




     




recall (—); recognition 
(); 
attitude toward the ads 
() 
     
Zhang (2000) Searching     Task performance ()  
Zhang (2005) 
(studies 2  
and 3) 
Searching     Task performance ()  
Note: “” = increase; “” = decrease; “—” = no effect; cell is empty if the specific dependent variable was not investigated. 
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Humphreys and Revelle (1984) suggest that one can explain the inverted-U relationship between arousal 
and task performance by two different monotonic processes of arousal: sustained information transfer and 
some function of short-term memory. On the one hand, arousal monotonically increases the amount of 
attentional resources available for sustained information transfer. On the other hand, arousal negatively 
affects some function of short-term memory in the sense that it will not improve the short-term memory. 
Based on Humphreys and Revelle’s (1984) argument, it may not be appropriate to use memory data as 
the surrogate for attention because animation may have different effects on the attentional resources and 
short-term memory through the induced arousal. 
Second, prior research has mainly focused on the effects of the animated item and task performance but 
generally ignored the effects on the remaining contents on the same webpage (e.g., Benway & Lane, 
1998). These studies have usually investigated the effectiveness of an animated banner ad with different 
measures, including recall and recognition of ads (Lang et al., 2002) and click-through rate (Cho, 2003). 
When these studies have studied animation in context of searching tasks (Zhang, 2000; Zhang, 2005), 
they have assessed task performance with common metrics, such as accuracy rate or error rate (Burke et 
al., 2005), time spent on the task (Hong et al., 2004a) and clicking behavior (Hong et al., 2007). While 
industry practitioners would like to use animation to increase consumers’ memory of an animated item, 
they do not necessarily intend to do so at the cost of consumers’ memory of the non-animated items. For 
instance, while the operators of online shopping websites intend to increase the attention that consumers 
allocate to the promoted products by applying animation to them, they may not want to decrease 
consumers’ attention paid to the remaining non-animated products. 
Few studies (Hong et al., 2004a; Lai et al., 2007; Lai et al., 2009) have investigated animation’s effects on 
the recall of both animated and non-animated items. However, these studies have generated mixed 
findings. On the one hand, Lai et al. (2007) and Lai et al. (2009) found that animation improved recall of 
animated items at the cost of non-animated items. On the other hand, Hong et al. (2004a) found that 
animation decreased recall of the non-animated items without improving recall of animated items. While 
we believe that there is a discrepancy between recall and attention, prior research has generally proposed 
attention to affect how individuals select and process information (Osman & Moore, 1993) and memory 
(Watt & Welch, 1983). By adding eye-tracking data, we contribute to resolving the mixed findings. 
Third, previous studies have typically focused on simple searching tasks (e.g., Bayles, 2002; Bruke et al., 
2005; Rau et al., 2007) with few exceptions (Hong et al., 2007; Li & Bukovac, 1999; Pagendarm & 
Schaumburg, 2001). In e-commerce contexts, Moe (2003) proposes that online consumers use four main 
visiting strategies: directed buying, hedonic browsing, search/deliberation and knowledge building. Online 
consumers who engage in search/deliberation or knowledge building are involved in developing purchase 
intention or information gathering, respectively. These online consumers are not likely to make immediate 
purchases but may make future ones. In contrast, online consumers who engage in directed buying or 
hedonic browsing are more likely to make immediate purchases. In directed buying, online consumers have 
nearly made up their mind to immediately make a purchase. In hedonic browsing, online consumers could 
make the immediate purchase because of sensory stimulation and other factors. Similar to prior studies 
(e.g., Phang, Kankanhalli, Ramakrishnan, & Raman, 2010), we do not study all four online store visiting 
strategies. Instead, we focus on the two strategies that could lead to immediate purchase when online 
consumers engage in the two most common tasks in a shopping environment: browsing and searching tasks 
(Bodoff, 2006; McDonald & Chen, 2006). On the one hand, browsing tasks are shopping tasks in which 
consumers have an interest in making a purchase in a product category but have not made up their minds 
on which particular product to buy. When consumers do not have a specific product in mind to buy, their 
purchase decision likely depends on sensory stimulation, such as animation. On the other hand, searching 
tasks are shopping tasks in which consumers have a specific product in mind to buy. Prior literature 
suggests that the type of task may have direct effects on attention and memory (Li & Bukovac, 1999) and 
that the type of task can moderate animation’s effects on attention (Hong et al., 2007). The few prior studies 
that have investigated task types have mainly focused on the type of task’s effects on recall. For example, Li 
and Bukovac (1999) propose that the type of task (seeking information and surfing the Web) impacts how 
individuals allocate their attention and memory. However, they did not find support for the proposed 
relationship such that the recall of banner ads was not statistically significant across different types of tasks. 
In contrast, Pagendarm and Schaumburg (2001) show that types of tasks had significant effect on recall of 
banner ads such that recall was higher when online consumers engaged in browsing rather than searching 
tasks. Hong et al. (2007) propose that task type moderates animation’s effects on attention. They found 
partial support for the moderating effects of task type. While they found that animation had a significantly 
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greater negative impact on performance in browsing tasks than in searching tasks, they found that task type 
did not moderate animation’s effects on consumer’s perceptions toward using the website. 
We follow Underwood and Everatt’s (1996) suggestion that one could use visual gaze to reflect how 
individuals allocate their attention. Prior research has suggested that fixations represent the moment in 
which individuals acquire and process information (Juse & Carpenter, 1980; Rayner, 1998). A higher 
number of fixations and a longer total fixation duration imply more visual attention and more processing of 
the information (Josephson, 2005). Researchers have estimated the minimum fixation duration on a 
stimulus is around 100-150 milliseconds before individuals process the stimulus (Eriksen & Eriksen, 1971; 
Spencer, 1969). In order to obtain a holistic view of animation’s overall effects on attention, we need to 
investigate animation’s effects on both animated items and non-animated items on the same webpage 
and measure attention directly with an eye-tracking machine. 
3 Theoretical Background and Hypotheses 
3.1 Attentional Resources and Arousal 
Prior researchers (Kahneman, 1973; Navon & Gopher, 1979) view attention as a pool of general-purpose 
resources. Individuals can allocate such general-purpose resources, or attentional resources, to 
concurrent activities based on their attention-allocation mechanisms and the concurrent activities’ 
characteristics. Kahneman (1973) proposes that individuals do not have a fixed amount of human 
attentional resources (or attention capacity) but that it can change based on the environment and various 
conditions. While researchers view the amount of attentional resources as limited and that individuals 
could not engage in infinite number of tasks at one time, they believe that individuals have access to a 
greater amount of attentional resources (through an increase in the level of arousal) when the difficulty of 
simultaneous tasks increases. 
Anderson (1990, p. 98) describes arousal as a “hypothetical construct representing the sum (in a principal 
components sense) of a variety of processes that mediate activation, alertness and wakefulness”. In 
general, arousal represents the abstraction of emotional states (such as anger, excitement, etc.) and 
motivational states (Neiss, 1988). Some researchers prefer arousal to its abstracted elements for 
simplicity. Compared with its abstracted elements (e.g., emotional states) that can be multidimensional 
and difficult to measure, researchers have conceptualized arousal as a unidimensional construct that one 
can readily quantify and measure (Neiss, 1988). Researchers believe arousal to impact multiple aspects 
that range from subjective judgment (e.g., leader’s charisma; Pastor, Mayo, & Shamir, 2007) to objective 
assessment of task performance (Gellatly & Meyer, 1992; Huber, 1985). Among the possible 
consequence variables, task performance has received considerable attention from researchers. For 
example, Yerkes and Dodson (1908) propose an inverted-U hypothesis that asserts a curvilinear 
relationship between arousal and performance. According to the hypothesized inverted-U relationship, 
increases in arousal level lead to improvements in task performance until an optimal level of arousal; 
further increases in arousal level then result in degradation of performance. Humphreys and Revelle 
(1984) explain this inverted-U relationship by suggesting that arousal has different effects on the amount 
of attentional resources available for sustained information transfer and short-term memory. Anderson, 
Revelle, and Lynch (1989) provide additional empirical support for the inverted-U relationship. This theory 
is consistent with Kahneman’s (1973) original conception that an individual’s arousal level influences the 
attentional resources that individuals have available for performing a task. 
Several factors and different kinds of experimental manipulations can induce or influence individuals’ 
arousal level. For example, research has found different types of auditory stimuli to induce different levels 
of arousal (Cohen & Weinstein, 1981; Eysenck, 1982). One can manipulate noise through loud and soft 
music, and research has found that loud music induces a higher level of arousal. Similar to auditory 
stimuli, research has shown visual stimuli to have impacts on arousal level (Detenber, Simons, & Bennett, 
1998). Prior studies found that images with motion or moving images can induce higher levels of arousal 
than static images (e.g., Detenber et al., 1998; Simons, Detenber, Roedema, & Reiss, 1999). Detenber et 
al. (1998) compared the effects of moving and static images extracted from a variety of film and television 
programs on an individual’s arousal level by using self-reported arousal levels and physiological data. The 
results show that moving images elicit higher levels of arousal than static images. Simons et al. (1999) 
replicated Detenber et al.’s (1998) study and arrived at the same conclusion that moving images induce 
higher levels of self-reported arousal and physiological arousal. Their replication study demonstrated the 
superiority of moving images in inducing higher levels of arousal when the researchers used different 
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types of images (i.e., regardless of whether the images induced positive, negative, or neutral affective 
response, moving images always induced higher levels of arousal than static images). 
3.2 Goal-directed Attention Capture and Stimulus-driven Attention Capture 
Hillstrom and Yantis (1994) propose that individuals allocate attentional resources in a visual field in two 
ways: either through goal-directed attention capture or through stimulus-driven attention capture. These 
two mechanisms usually work together in guiding individuals’ visual attention allocation. Goal-directed 
attention capture operates in a top-down fashion in that individuals will look for salient features that 
identify the search target. For example, if individuals know that the search target, the letter “T”, is 
displayed in green among red letters, then any green item will capture their attention. In contrast, stimulus-
driven attention capture operates in a bottom-up fashion. It occurs when a salient feature that is 
independent or irrelevant to an individual’s task draws the individual’s attention. For instance, when a red 
apple is placed together with a bunch of bananas, the red apple will capture the individual’s attention even 
though it may not be relevant. Similarly, an animated item captures individuals’ attention through stimulus-
driven attention capture due to its visual distinctiveness. 
3.3 Hypotheses Development 
Following Zhang (2000), we define animation as motion of any kind in this paper. In the online context, 
research has found animation to induce a higher level of arousal (Heo & Sundar, 2000; Lang et al., 2002; 
Sundar & Kalyanaraman, 2004). For example, Heo and Sundar (2000) compared the usage of animated 
banner ads and non-animated banner ads on news webpages and found that the animated banner ads 
elicited or induced a higher level of arousal. Similarly, Lang et al. (2002) found that the animated ads 
elicited stronger orienting responses (i.e., an organism’s immediate response to a change in stimuli, which 
indicates arousal) than their static counterparts. In our study, we leverage these findings and suggest that 
animation will induce a higher arousal level and, in turn, increase the amount of individuals’ attentional 
resources (Humphreys & Revelle, 1984). This argument agrees with the empirical evidence that video 
games that involve more action and motion lead to an increased amount of attentional resources than 
video games that involve less action and motion (Green & Bavelier, 2003). 
Investigating the attentional resources that individuals allocate to webpages can help explain whether 
individuals stay on the webpages for a longer time because they have an increased amount of attentional 
resources. Prior studies have found conflicting results on animation’s effects on the length of time 
individuals view webpage content. For example, Hong et al. (2007) found that webpages that used 
animation increased the length of time individuals stayed on them in both online searching and browsing 
tasks, but other studies (Burke et al., 2005; Diaper & Waelend, 2000) report no significant relationship 
between websites that use animation and the length of time individuals stayed on them. 
Several studies have shown that animation induces higher levels of arousal (Heo & Sundar, 2000; Lang et 
al., 2002; Sundar & Kalyanaraman, 2004) such that higher levels of arousal increase the amount of 
attentional resources available to an individual (Humphreys & Revelle, 1984; Kahneman, 1973). As a 
result, individuals have an increased amount of attentional resources to allocate to webpage content. 
Lavie (1995) suggests that whether individuals allocate their attentional resources to certain stimuli 
depends on the amount of remaining attentional resources. When individuals perform a certain task that 
will not exhaust all their available attentional resources, then they will allocate their remaining attentional 
resources to certain stimuli involuntarily. In the online context, animation induces higher levels of arousal 
of individuals that, in turn, increases the amount of attentional resources. When individuals have a higher 
amount of attentional resources, they would have more attentional resources to allocate to the webpages 
and spend longer time viewing the webpages. As we discuss above, little research has examined 
animation’s effects on both animated items and non-animated items (Hong et al., 2004a; Lai et al., 2007; 
Lai et al., 2009). These prior studies have used memory (measured as recall) as the dependent variable 
and found that individuals correctly recalled fewer non-animated items when animation was present. The 
results agree with Humphreys and Revelle’s (1984) proposed negative relationship between arousal level 
and short-term memory and positive relationship between arousal level and amount of attentional 
resources. Due to an increased amount of attentional resources, individuals will have more attentional 
resources to allocate to the content that they view. Applying this notion to the context of online shopping, 
individuals will have more attentional resources to allocate to all items (i.e., both animated and non-
animated items) on the same webpage and view the webpage’s content for a longer time. Therefore, we 
propose the following hypotheses: 
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H1:  Animation’s presence on a webpage increases the length of time individuals view the 
webpage’s content. 
H2:  Animation’s presence on a webpage increases the amount of attentional resources that 
individuals allocate to all items on the webpage (i.e., the animated and non-animated items). 
Previous studies show that animation helped to attract individuals’ attention to animated items (Yoo et al., 
2004; Yoo & Kim, 2005). They asked individuals to rate their attention paid to the banner ads. Individuals 
reported that they paid more attention to the animated banner ads than to the static non-animated banner 
ads. Animated items’ attention capturing/grabbing capabilities could be attributed to their visual 
distinctiveness. Distinguishing themselves from other components on the same webpage, the animated 
items attract attention due to their visual distinctiveness (Gati & Tversky, 1987; Nairne, Neath, Serra, & 
Byun, 1997). By relaxing the assumption of fixed amount of attentional resources, we believe that 
animation has two effects on the attention that individuals allocate to animated and non-animated items. 
Apart from inducing higher levels of arousal and increasing the amount of attentional resources, animation 
affects how individuals allocate attentional resources to animated and non-animated items. Visual search 
theories propose that movement is unique in the way that the human visual system can effortlessly 
register it (James, 1950). For example, a natural way to capture someone’s attention is to wave one’s 
arms. There is also neuro-anatomical evidence that the visual system tends to segregate motion 
information from color and orientation information, which makes the former more powerful in attracting 
attention (Girelli & Luck, 1997). 
Animation, which refers to motion of any kind, is powerful in grabbing individuals’ attentional resources in 
the online context (Zhang, 2000). Hence, we propose that webpages that use animation will cause 
individuals to allocate a higher proportion of their attentional resources to the animated item and, at the 
same time, allocate a lower proportion of attentional resources to the non-animated items. 
H3a:  Animation’s presence on a webpage increases the proportion of attentional resources that 
individuals allocate to the animated item. 
H3b:  Animation’s presence on a webpage decreases the proportion of attentional resources that 
individuals allocate to non-animated items1. 
We expect goal-directed attention capture to dominate when individuals engage in searching tasks. Under 
the searching task condition, individuals have specific targets in mind. They will allocate attentional 
resources to salient features that can help them identify the search targets. Compared to the situation 
where individuals do not have a specific target in mind, a particular item that uses animation may be less 
effective in grabbing individuals’ attentional resources when they have a specific search target in mind. 
When individuals engage in browsing tasks, stimulus-driven attention capture dominates and the 
animated item would be effective in grabbing attentional resources. As a result, individuals would allocate 
a higher proportion of their attentional resources to the animated item and a lower proportion to non-
animated items. In contrast, when individuals engage in searching tasks, goal-directed attention capture 
would dominate and the animated item would capture attention less effectively. Individuals would no 
longer allocate a higher proportion of their attentional resources to the animated item; instead, they make 
available a greater proportion of their attentional resources for non-animated items. 
We expect that individuals will allocate a higher proportion of their attentional resources to the animated item 
on a webpage and that they will have a lower proportion of attentional resources available for non-animated 
items when they browse than when they search for a particular target item. Under the browsing task 
condition, animation is more effective in grabbing individuals’ attentional resources. While animation leads to 
an increased amount of attentional resources through arousal, individuals will allocate a higher proportion of 
their attentional resources to the animated item, which leaves a lower proportion for the remaining non-
animated items. The three studies that have investigated animation’s effects on non-animated items (Hong 
et al., 2004a; Lai et al., 2007; Lai et al., 2009) found a tradeoff in memory performance between animated 
and non-animated items under the browsing task condition (Lai et al., 2007; Lai et al., 2009) but not under 
the searching task condition (Hong et al., 2004a). With animation, individuals better recalled the animated 
item at the cost of the non-animated items when they browsed a website without any specific target item in 
                                                     
1 Note that, in the context of our study, users may allocate their attentional resources to three types of items on a webpage: 1) an 
animated product item, 2) non-animated product items, and 3) non-animated non-product items (e.g., blank space, menu bar, tool 
bar, etc.). Thus, H3a and H3b are not two sides of the same hypothesis. 
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mind (Lai et al., 2007; Lai et al., 2009). However, this tradeoff in performance was not present when 
individuals searched for a specific target item on a website (Hong et al., 2004a). 
Based on the above discussion, we posit that task type will moderate animation’s effects on the proportion 
of attentional resources that individuals allocate to both animated and non-animated items and that 
animation leads to an increased amount of attentional resources through arousal. Task type moderates 
the animated item’s attention-grabbing capabilities such that individuals allocate a higher proportion of 
their attentional resources to the animated item and a lower proportion of attentional resources to non-
animated items when they perform browsing rather than searching tasks. 
H4a: Task type moderates animation’s effects on the proportion of attentional resources that 
individuals allocate to the animated item such that they allocate a higher proportion of their 
attentional resources to the animated item when they perform browsing rather than searching 
tasks. 
H4b: Task type moderates animation’s effects on the proportion of attentional resources that 
individuals allocate to non-animated items such that they allocate a lower proportion of their 
attentional resources to non-animated items when they perform browsing rather than 
searching tasks. 
4 Research Methodology 
4.1 Experiment Participants 
We used the experiment methodology so we could manipulate the independent variables and test the 
causal relationships (Chan, Wei, & Siau, 1993; Goswami, Chan, & Kim, 2008; Sheng, Nah, & Siau, 2008; 
Sia, Tan, & Wei, 2002). We recruited 63 undergraduate students from a public university in Hong Kong for 
this experiment. As incentives, we paid them US$15 to complete the whole experiment. We recruited the 
participants through an advertisement placed on the university’s electronic notice board. Due to difficulties 
in calibrating their eye movements, we dropped three participants from the final sample. In the end, we 
recorded comprehensive eye-movement data for the remaining 60 participants (30 participants for each 
task condition). Further, 33 participants were female and 27 participants were male. They were between 
19 and 22 years’ old (20.42 years’ old on average). On average, the participants had 8.27 years’ 
experience with using the Internet. As future young professionals and part of the age group that is more 
likely to engage in online shopping activities (eMarketer, 2013), our participants belonged to a 
homogenous group, which meant we could control for endogeneity. Thus, we believe that these 
participants constituted an appropriate sample to test our hypotheses. 
4.2 Experiment Design and Independent Variables 
We employed a 2x2 mixed design with animation as a within-subject factor and task as a between-subject 
factor. We randomly assigned participants to either browsing or searching tasks. The within-subject factor 
(i.e., animation) had two levels: with animation and without animation (the control condition). 
To improve the internal validity of the experiment and minimize the influence of extraneous factors, we 
carefully selected the materials for the experiments. We developed a hypothetical online shopping website 
to control for the potential bias that may result from participants’ familiarity with popular websites. We 
chose the context of online grocery shopping given that that most people are likely familiar with grocery 
products2. We conducted a pretest to identify product categories (out of 15) that our participants found 
equally familiar (Brucks, 1985). We chose six product categories3 for their similar level of familiarity to our 
participants so that we controlled for any potential participants’ bias towards specific product categories. 
After the pretest, we selected fictitious or foreign product brand names to eliminate potential effects from 
familiar brand names (Dodds, Monroe, & Grewal, 1991) or brand equity (Xu, Thong, & Venkatesh, 2014). 
Following the practice in marketing research, we controlled price at ±5 percent in each product category 
(Dodds et al., 1991). As a result, we prepared six products with similar prices but unfamiliar brand names 
for each grocery product category. 
                                                     
2 As a result, we could control subjects’ familiarity with the products. If we had asked the subjects to shop for a digital camera online, 
the subjects’ perception and allocation of attention to a particular camera would depend on their familiarity with that digital camera. 
3 Bottled water, chocolate, toothpaste, biscuits, box of tissues, and bottled fruit juice. 
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We developed a hypothetical website (with HTML, ASP and Adobe Flash) specifically for the experiment. 
A server in the same local area network as the PC we provided to the participants hosted the website. 
This setup helped to avoid unnecessary time delay in loading the webpages and ensured consistent 
access speed for all participants (Hong, Thong, & Tam, 2004b). The experiment website comprised an 
introduction webpage, instruction webpages that presented the cover stories for either the browsing task 
or the searching task, webpages that presented a training shopping trip, and webpages that presented the 
six main shopping trips. The six shopping trips presented six different product categories; each participant 
went through all six shopping trips. We randomized the order in which these product categories appeared 
for each participant. Each shopping trip presented participants with six different products under the same 
product category in a random order (see Figure 1). When participants clicked on the title of a product, they 
would proceed to a webpage that showed detailed information of the selected product (see Figure 2). 
After reading that webpage, participants could choose to return to the webpage that showed the six 
products or to buy the selected product and proceed to the next shopping trip. 
We manipulated the task factor in the instruction webpages. We told participants who we assigned to the 
searching task to shop for a target product in each of the six shopping trips (and product categories). We 
randomly chose the target product for each shopping trip. In contrast, we told participants who we 
assigned the browsing task to shop for a product in each of the six shopping trips and to base their 
shopping decisions on their own preferences. 
 
Figure 1. Snapshot of a Shopping Webpage 
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Figure 2. Snapshot of a Product Webpage 
Each participant viewed three shopping trips with animated product titles and three shopping trips without 
any animation. In each shopping trip with the animation condition, to manipulate the animation factor, we 
randomly applied animation to the title of one of the six products4. For the searching task condition, we 
excluded the search target from being animated. This approach is consistent with prior studies that have 
applied animation as a visual distraction (Hong et al., 2007; Yoo & Kim, 2005). We designed the animated 
product title (water waves that moved in the title background) using Adobe Flash. In our context, we 
focused on seeing whether animation would increase individuals’ overall attention to the product, including 
its image, title, and price. This aspect would increase our study’s practical relevance because it is quite 
common to see websites apply animation to part of a product portfolio to increase the likelihood of 
attracting attention to the entire product’s presentation. We followed existing industry practice and used an 
animation that does not irritate or intrude. A group of five undergraduate students took part in a pilot test in 
which they browsed the experiment website and evaluated whether or not the applied animation was 
irritating or intrusive. Stronger animations are likely to have stronger effects but can also cause a 
significant degree of irritation to online consumers (Gao et al., 2004), which limits animation’s practical 
value. A review of the literature on ad intrusiveness or annoyance suggests that the intrusiveness of an 
animated ad may lead to avoidance behaviors and even website abandonment (Goldstein, McAfee, & 
Suri, 2013; Yoo & Kim, 2005). This result coincides with the finding from our survey of Alexa top 100 
websites: we found that these websites used subtle as compared to more intrusive animation. 
4.3 Dependent Variables 
In this study, we used number of fixations and fixation duration to measure visual attention (Rayner, 
1998). We also measured the time spent on a shopping trip, which refers to the duration of time 
participants spent on viewing the webpage before making their purchase decision in each shopping trip. 
For each participant, we measured this dependent variable in seconds by taking the average of the time 
spent on shopping trips with animated content and the average of the time spent on shopping trips without 
animated content. We measured the number of fixations and the total duration of fixations when 
participants’ eyes fixated on the products. We followed previous research (Eriksen & Eriksen, 1971; 
                                                     
4 In this study, we manipulated animation as moving water waves applied to the product titles. We did not apply animation on the 
product images because product images have different angles and colors, which could have potential confound with the animation. 
We kept the product titles in the same font style, font size, font color, and with similar length for all products to minimize any potential 
interaction between the product title and the animation. 
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Nakamura & Kondo, 2007; Spencer, 1969) and defined the eyemarks’ staying in the same position for 0.1 
seconds or more to be fixations. To test Hypotheses 3a, 3b, 4a, and 4b, we further derived two fixation 
measures: the percentage of the total number of fixations on animated (non-animated) items (% fixation 
count = total number of fixations on animated (non-animated) items/total number of fixations on the 
webpage) and the percentage of the total fixation duration on animated (non-animated) items (% fixation 
duration = total fixation duration on animated (non-animated) items/total fixation duration on the webpage). 
These two measures described the proportions of attentional resources that participants allocated to the 
animated item and non-animated items respectively. 
4.4 Experiment Task and Procedure 
We used an ASL 504 eyetracker to capture participants’ eye movements during the experiment. This 
eyetracker deployed a camera that recorded at a rate of 60Hz. We used the official program that ASL 
provides, the E5000 User Interface Program, to control the eyetracker and capture the eye-tracking data. 
At the start of the experiment, the participants completed a calibration process with the eyetracker. After 
we calibrated the eye-tracking machine with each participant, we directed them to the instruction webpage 
on the experiment website. We reminded participants to follow the given instructions carefully. Before 
undertaking the six shopping trips, the participants first went through a training trip so that they could 
familiarize themselves with the user interface of the experiment website. At the end of the shopping trips, 
the participants completed an online questionnaire about their demographic data. 
5 Data Analysis and Results 
5.1 Manipulation and Control Checks 
Prior to testing the hypotheses, we performed manipulation checks. First, we checked whether we 
successfully randomly assigned participants to task conditions. A multivariate analysis of variance 
(MANOVA) test showed that there were no significant differences in age (F = 0.166, p = 0.685), gender (F 
= 2.044, p = 0.158), and Internet experience (F = 0.126, p = 0.724) between the participants performing 
browsing tasks (n=30) versus searching tasks (n = 30). As such, the random assignment of participants to 
the two between-subject tasks was successful. 
We proceeded to check whether the participants found the animation manipulations to be irritating. As we 
mention above, we carefully designed the animation to ensure that the animation was not intrusive to the 
participants. When asked how annoying the animation was, the participants reported an average rating of 
3.06 on a seven-point Likert scale. The moderate rating gave us confidence that the manipulation of 
animation did not cause unnecessary irritation to the participants. 
5.2 Hypotheses Testing 
Figure 3 illustrates how we analyzed the data to test the hypotheses. To test H1 and H2, we compared NS 
(non-animated searching group) and NB (non-animated browsing group) with AS (animated searching 
group) and AB (animated browsing group). A repeated measures ANOVA revealed a significant difference 
in the average time participants spent on shopping trips when animation was present (AS+AB) versus 
when animation was not present (NS+NB). The participants spent significantly longer time on viewing the 
webpages with animation than on webpages without animation (F = 10.207, p = 0.002). The average time 
participants spent on a shopping trip was 29.309 seconds in the presence of animation and 25.489 
seconds when animation was not present. As such, we found support for H1. 
Table 2 presents the descriptive statistics and hypothesis testing results for H2. To test H2, we assessed 
the impact of animation on the attentional resources that individuals allocated to all items (both animated 
item and non-animated items) on the webpages. We aggregated the fixations data by taking averages of 
the number and duration of fixations on product items for shopping trips when animation was present 
(AS+AB) and for shopping trips when animation was not present (NS+NB). As Table 2 shows, a fixation 
duration score of 0.850 with number of fixations= 3.475, means that, on average, participants fixated at a 
particular product item for 3.475 times for 0.850 seconds for the shopping trips when animation was not 
present (NS+NB). A repeated measures MANOVA showed a significant result for animation (F = 6.698, p 
= 0.002). We then proceeded with tests of univariate ANOVAs. Specifically, animation significantly 
increased the number of fixations on all product items: from 3.475 to 3.880 (F = 4.383, p = 0.041). The 
fixation duration that participants spent on all product items on the same webpage also increased from 
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0.850 to 0.997 second (F = 7.629, p = 0.008) when an item was animated. Hence, we found support for 
H2: animation’s presence increased individuals’ attentional resources to all product items on a webpage. 
 
Figure 3. Illustration of Comparisons for Hypothesis Testing5 
 




variable Condition Mean 
Standard 
deviation F p 

















(AS+AB) 0.997 0.682 
Note: * p < 0.05, ** p < 0.01. 
# The average number of fixations and the average fixation duration on all items in the control condition. 
To test H3a, H3b, H4a, and H4b, we divided the product items on the webpages with animation into two 
subgroups: one animated product item (ABAI) and five non-animated product items (ABNI) for the 
browsing task condition and one animated product item (ASAI) and four non-animated product items 
(ASNI), after excluding the search target, for the searching task condition. Specifically, to assess whether 
the presence of animation increased (decreased) the proportion of attentional resources that individuals 
allocated to the animated items (non-animated items), we checked whether the average percentage of the 
total number of fixations and the average percentage of the total fixation duration on animated items (non- 
animated items) were higher (lower) when animation was present on the webpages (the animation 
condition) than when animation was not present on the webpages (the control condition). 
To test H3a and H4a, we compared the average percentages of total number of fixations and total fixation 
duration on the animated item in the animation condition (ASAI+ABAI) with the average percentages of 
                                                     
5 The size of the pie and its components indicate the amount of attentional resources. To test hypotheses H3a, H3b, H4a, and H4b, 
we divided column B into Column B1 and Column B2. “A” stands for the animated item, “NA” stands for the non-animated items, and 
“T” stands for the search target item. 
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total number of fixations and total fixation duration on the product items in the control condition (NS+NB). 
For the webpages with animation present, we extracted the animated product items and calculated the 
average percentages of total number of fixations and total fixation duration on the animated item for 
browsing and searching tasks, respectively. For the webpages without animation present (control 
condition), we included all six product items and took the average percentages of total number of fixations 
and total fixation duration on the six product items 6. Table 3 presents the descriptive statistics and 
hypotheses-testing results for H3a and H4a. 
H3a states that animation’s presence on a webpage increases the proportion of attentional resources that 
individuals allocate to the animated item. We performed a repeated measures MANOVA and found a 
significant main effect for animation (F = 3.796, p = 0.028). Compared with the product items on the 
webpages without animation (NS+NB), we found the average percentage of number of fixations on the 
animated item (ASAI+ABAI) to be significantly greater (mean = 16.788%, F = 7.475, p = 0.008), and the 
average percentage of total duration of fixations was also significantly greater (mean = 17.064%, F = 
7.061, p = 0.01). Hence, we found support for H3a. 




variable Condition Mean 
Standard 
deviation F p 
Animation F = 3.796 p = 0.028* 















(ASAI+ABAI) 17.064 7.432 
Task x 
animation 
F = 4.815 
p = 0.012* 
% no. of 
fixations 








browsing (ABAI) 18.785 5.334 
Animation + 
searching (ASAI) 14.790 6.778 
% fixation 
duration 








browsing (ABAI) 19.477 6.098 
Animation + 
searching (ASAI) 14.652 7.947 
Note: * p < 0.05, ** p < 0.01. 
## The average percentage of the total number of fixations and the average percentage of the total fixation duration on the non-
animated items in the control condition. 
H4a states that the task condition moderates animation’s effects on the proportion of attentional resources 
that individuals allocate to the animated item such that they allocate a higher proportion of their attentional 
resources to the animated item when they perform browsing rather than searching tasks ((ASAI vs. NS) 
vs. (ABAI vs. NB)). A repeated measures MANOVA found a significant interaction effect for task and 
                                                     
6 Ideally, when testing H3a, we should have compared attention to a specific product item with and without animation. However, that 
would require a subject to shop for the same set of products twice in the experiment (once with the specific item animated and once 
without animating that item), which was not viable in our current experiment design. Hence, we used the best possible surrogate 
measure by comparing attention to the animated item with attention to the average of all items without animation. We acknowledge 
this limitation and encourage future research to resolve this issue by using a between-subject design. 
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animation (F = 4.815, p = 0.012). The results of ANOVAs revealed significant effects for task x animation 
on the average percentage of number of fixations (F = 8.820, p = 0.004) and the average percentage of 
duration of fixations (F = 9.559, p = 0.003). When participants engaged in browsing tasks, the incremental 
average percentage of number of fixations on animated items (ABAI-NB; 18.785%- 14.495% = 4.29%) 
was greater than when participants were performing searching tasks (ASAI-NS; 14.790%-14.967% = -
0.177%). Similarly, the incremental average percentage of duration of fixations on animated items was 
greater in browsing tasks (ABAI-NB; 19.477%-14.584% = 4.893%) than in searching tasks (ASAI-NS; 
14.652%-15.024% = -0.372%). Therefore, we found support for H4a. Figure 4 presents the plots of task x 
animation on the percentage of number of fixations and the percentage of duration of fixations. 
 
Figure 4. Interaction Plots for Animated Items 
Table 4 presents the descriptive statistics and hypotheses-testing results for H3b and H4b. To test H3b 
and H4b, we compared the average percentages of total number of fixations and total fixation duration on 
the non-animated items in the animation condition (ABNI+ASNI) with the average percentages of total 
number of fixations and total fixation duration on the product items in the control condition (NS+NB). We 
excluded the animated item from data analysis. To avoid an unnecessary confounding effect, we excluded 
the target product items in the searching task in the subsequent analysis. H3b states that animation’s 
presence on a webpage decreases the proportion of attentional resources that individuals allocate to the 
non-animated items. The repeated measures MANOVA revealed a significant result for animation (F = 
4.917, p < 0.011). 
When a webpage had no animation, the average percentage of number of fixations on the non-animated 
items was significantly greater (mean = 14.731%, F = 9.534, p = 0.003); also, the average percentage of 
total duration of fixations was significantly greater (mean = 14.786%, F = 6.716, p < 0.012). Therefore, we 
found support for H3b7. 
H4b states that task type moderates animation’s effects on the proportion of attentional resources that 
individuals allocate to non-animated items such that they allocate a lower proportion of their attentional 
resources to non-animated items when they perform browsing rather than searching tasks.((ASNI vs. NS) 
vs. (ABNI vs. NB)). The repeated measures MANOVA revealed a non-significant effect for task x 
animation interaction (F = 0.454, p = 0.583). The results of univariate ANOVAs showed non-significant 
effects for the interactions with the average percentage of number of fixations (F = 0.007, p = 0.935) and 
the average percentage of duration of fixations (F = 0.228, p = 0.635). Hence, we did not find support for 
H4b. Table 5 summarizes the hypotheses-testing results8. 
                                                     
7 Note that H3b is not a reverse statement of H3a (see the way we measured fixation data). Specifically, when measuring fixation on 
animated/non-animated items on a webpage and computing the average percentages of fixation, we used fixation on animated/non-
animated items divided by total fixation on the webpage, which also includes fixation on non-animated non-product items (e.g., blank 
space, menu bar, tool bar, etc.). Hence, adding fixation on animated items and fixation on non-animated items does not equal to the 
total fixations on the webpage. 
8 Note that, when calculating the fixation data on animated/non-animated item, we included fixations on the whole product area, 
which includes the product image, the product title, and the price. We considered the whole product area as a better representation 
of the total attention that animation drew to a product or the total attention that a non-animated product received. Nevertheless, we 
conducted additional analysis in which we limited the fixation data to only the product title and found similar results for H2 to H4 (H2: 
F=12.974, p = 0.001 for no. of fixation and F = 19.629, p < 0.001 for fixation duration; H3a: F = 48.823, p < 0.001 for % no. of 
fixations and F = 38.263, p < 0.001 for % fixation duration; H3b: F = 5.540, p = 0.022 for % no. of fixations and F = 7.368, p = 0.009 
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for % fixation duration; H4a: F = 5.392, p = 0.024 for % no. of fixations and F = 4.538, p = 0.037 for % fixation duration; H4b: F = 
1.279, p = 0.263 for % no. of fixations and F = 0.372, p = 0.544 for % fixation duration). 
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Table 5. Summary of Hypotheses Testing 
Hypotheses Assessment Results 
H1: Animation’s presence on a webpage increases the length of time 
individuals view the webpage’s content. 
(AS+AB) vs. (NS+NB) Supported 
H2: Animation’s presence on a webpage increases the amount of 
attentional resources that individuals allocate to all items on the webpage 
(i.e., the animated and non-animated items). 
(AS+AB) vs. (NS+NB) Supported 
H3a: Animation’s presence on a webpage increases the proportion of 
attentional resources that individuals allocate to the animated item. 
(ASAI+ABAI) vs. (NS+NB) Supported 
H3b: Animation’s presence on a webpage decreases the proportion of 
attentional resources that individuals allocate to non-animated items. 
(ABNI+ASNI) vs. (NS+NB) Supported 
H4a: Task type moderates animation’s effects on the proportion of 
attentional resources that individuals allocate to the animated item such 
that they allocate a higher proportion of their attentional resources to the 
animated item when they perform browsing rather than searching tasks. 
(ASAI vs. NS) 
vs. 
(ABAI vs. NB) 
Supported 
H4b: Task type moderates animation’s effects on the proportion of 
attentional resources that individuals allocate to non-animated items such 
that they allocate a lower proportion of their attentional resources to non-
animated items when they perform browsing rather than searching tasks. 
(ASNI vs. NS) 
vs. 
(ABNI vs. NB) 
Rejected 
5.3 Additional Analysis 
To untangle the relationship between recall and attention measures, we collected additional data on how 
well our participants recalled products and analyzed its relationship with fixation data that we report in 
Section 5.2 earlier. We measured recall based on whether the participants could recall the product titles 
that had appeared on the experiment website. For each product category, we presented the participants 
with 12 brand names (six valid brands and six invalid brands) and asked them to identify the brand names 
that they had previously seen during their shopping trips. We calculated recall as the average number of 
correct identifications of product titles in each product category. First, we used recall as the dependent 
variable (instead of fixation data) and tested H2 to H4 again. The results showed non-significant effects on 
all hypotheses (H2: F = 1.206, p = 0.277; H3a: F = 0.048, p = 0.827; H3b: F = 2.205, p = 0.143; H4a: F = 
2.446, p = 0.123; H4b: F = 0.003, p = 0.956). So, if we did not have the eye-tracking data and only had 
recall to indicate attention, we would have reached the conclusion that animation had no effect on the 
overall attention to the webpage and no effect on attention to the animated or non-animated items. 
Second, using recall as the dependent variable, we examined whether fixation data was related to recall. 
The logistic regression showed that fixation count had a significant positive relationship with recall (β = 
0.226, p < 0.001), while fixation duration had a significant negative relationship with recall (β = - 0.374, p = 
0.047). Together, the results of additional analyses show that animation may have an effect on recall 
through fixation data but fixation data is a more direct and reliable measure of attention than recall. 
6 Discussion and Implications 
6.1 Theoretical Implications 
This study provides empirical support for Humphreys and Revelle’s (1984) conception that the amount of 
individuals’ attentional resources can vary in different situations and especially in the online environment. When 
a webpage features animation, online consumers view the webpage for a longer duration and increase the 
attentional resources they allocate to all items (animated and non-animated items) on it. Animation increases 
the amount of attentional resources by inducing arousal as Humphreys and Revelle (1984) suggest. 
Prior studies (e.g., Rau et al., 2007) on Web animation have typically assumed that individuals have a 
fixed amount of attentional resources. Although Kahneman’s (1973) original conception allows for 
variation in the amount of attentional resources that individuals possess, other researchers (e.g., Navon & 
Gopher, 1979) have assumed that individuals have a fixed amount of attentional resources. Most prior 
studies on animation that reference attention theories have typically assumed a fixed amount of 
attentional resources and focused on animation’s attention capturing-capabilities. Our study extends prior 
studies by showing that animation can 1) increase the amount of attentional resources that individuals can 
allocate to all items and 2) cause them to allocate a higher proportion of their attentional resources to the 
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animated item. Our study helps explain the inconsistent findings in prior studies that have assumed that 
individuals have a fixed amount of attentional resources and provides a more thorough understanding of 
animation’s effects on attention. 
Web animation is a double-edged sword in the sense that it increases the proportion of attentional 
resources that individuals allocate to the animated item at the expense of the proportion of attentional 
resources they allocate to non-animated items. This finding is consistent with Lai et al.’s (2007, 2009) 
results. Interestingly, both we and Lai et al. (2007, 2009) tested animated content that did not fall outside 
the main content area such as with a typical banner ad on the top or to the right of a webpage (Resnick & 
Albert, 2014). Instead, the animated content was either part of the main content or overlapped with it. 
Comparing this design to other designs in studies that found animation had no significant effects on 
fixation data (Burke et al., 2005; Dreze & Hussherr, 2003), recall (Bayles, 2002; Burke et al., 2005), or 
click-through rate (Robinson et al., 2007), we noticed those studies typically applied animation to an 
outlined rectangular area (i.e., banner ads) that stayed independently either on top or to the right of the 
main content area. Our result also differed from those that Hong et al. (2004a) found: these authors used 
a similar website design (i.e., product titles in the main content area used animation), but the product titles 
had flashing animation compared to the more subtle moving water waves we used. As a result, Hong et 
al. (2004a) found that animation’s presence decreased how well individuals could recall the non-animated 
items without improving how well they could recall the animated items, while we found that animation’s 
presence increased individuals’ attention to animated items at the cost of non-animated items. Overall, 
these results are consistent with Resnick and Albert (2014) in the sense that the so-called “banner 
blindness” may occur due to the location of the ad and the animation’s intrusiveness. Our findings show 
that subtle animation applied to the main content of a webpage may help to avoid “banner blindness” and 
lead to better attention to the animated item. 
In addition, we found that animation was more effective in capturing individuals’ attention when they 
performed browsing tasks than searching tasks. Specifically, the increases in average percentages of 
both the number of fixations and the duration of fixations on animated items were greater in browsing 
tasks than in searching tasks. Cognitive psychology theories suggest that visual stimuli with visual 
distinctiveness capture attention through stimulus-driven attention capture. Our results provide support for 
this conjecture by showing that animation was more effective in attracting attention when individuals 
performed browsing tasks and stimulus-driven attention capture dominated. 
We also found that, while task type did moderate the proportion of attentional resources that individuals 
allocated to animated items, it did not moderate the proportion of attentional resources they allocated to 
the non-animated items. Contrary to our prediction, we did not find a significant decrease in the proportion 
of attentional resources individuals allocated to the non-animated items together with the significant 
increase in the proportion of attentional resources they allocated to the animated items in the browsing 
tasks condition. As for why, in the browsing tasks condition, individuals may not necessarily have taken 
the additional proportion of attentional resources on animated items from the attentional resources they 
allocated to the non-animated items but from the attentional resources they allocated to other parts of 
webpages. The two studies we identified that have investigated animation’s effects on individuals across 
browsing and searching tasks used different dependent variables with inconsistent results. While Li and 
Bukovac (1999) found the recall of banner ads was higher for the animated banner ads than the static 
banner ads, they did not find animation’s effect to differ across browsing and searching tasks. Hong et al. 
(2007) demonstrated that task type partially moderated animation’s effects on individuals’ self-reported 
attention. While they show animation to have had a significantly greater negative impact on performance 
in browsing task than in searching task, they did not find task type to moderate animation’s effects on 
consumers’ perceptions toward using the website. Our study differs from these two identified studies by 
shifting the focus from recall and self-reported attention to the visual attention. Considering the results of 
our study and prior studies together, we suggest that there is a discrepancy between recall, self-reported 
attention, and visual attention. 
Researchers should be careful in selecting dependent variables and be cautious about generalizing the 
findings to closely related but different factors. In particular, our study complements prior studies by 
showing that task type (browsing versus searching tasks) moderated how animation affected the 
allocation of visual attention to animated items but not to non-animated items. 
We also answer researchers’ call for research that uses eye-tracking machines to study animation (Rau et 
al., 2007). Compared with recall, which is a convenient measure of attention, eye-tracking data serves as 
a direct measure of attention and captures individuals’ immediate response to animation. 
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Our results show that, while recall was significantly related to fixation counts and fixation durations as 
expected (i.e., consumers need to see to remember), we failed to find a direct significant effect of 
animation on recall. This finding may help to explain the mixed findings on recall reported in prior 
animation studies (e.g., Hong et al., 2004a; Lang et al., 2002; Sundar & Kalyanaraman, 2004). Because 
downstream attention measures, such as recall, are subject to many other factors, such as encoding of 
the information and retrieval of the information, researchers who do not find significant difference on recall 
should not jump to the conclusion that a particular design feature has no effect. Moreover, while it is 
tempting to say that recall is ultimately what matters to online marketers, prior marketing research has 
also suggested that, even if a consumer does not remember seeing an ad for a product, being exposed to 
such an ad can still affect their evaluation of the product (Janiszewski, 1993). Our results show that this 
phenomenon may have happened because individuals did fixate on the ads but they did not register them 
in their short-term memory. This result is also similar to that of Yoo et al. (2004): these authors measured 
attention and memory separately and found that animation did not have consistent effects on attention 
and memory. By using a direct measure of visual attention, we gain new insights into animation’s 
immediate effects on online consumers’ attention. 
6.2 Limitations and Future Research 
This research has several limitations. Following prior studies (e.g., Lai et al., 2009), we used a 
hypothetical experiment website instead of a field experiment with popular retail websites (e.g., Amazon). 
Internal validity is the main strength of laboratory experiments. We designed a hypothetical experiment 
website to rule out the many potential exogenous interface variables (e.g., flashing buttons) that may 
interact with the manipulation of animation in the study. Future research can seek partnerships with 
popular retail websites to conduct field experiments, but they must be able to control for the exogenous 
variables. Our using student participants may limit our findings’ generalizability (Compeau, Marcolin, 
Kelley, & Higgins, 2012). Before generalizing the results to other types of individuals, research must 
replicate this study using such subjects. In our study, experiment participants needed to complete the 
experiment with an eye-tracking machine. In order to avoid sensitizing the participants, we did not use 
special machines to assess arousal levels while we tracked their eye movements. Future research can 
assess animation’s effects on arousal with more direct measurements of arousal, such as heart rate (e.g., 
Gellatly & Meyer, 1992; Pastor & Mayo, 2007), skin conductance level (e.g., Lang et al., 2002), and 
electroencephalography (EEG) measures (e.g., Gregor, Lin, Gedeon, Amir, & Zhu, 2014). Doing so may 
enhance our understanding of animation’s effects on arousal and provide a more complete picture of the 
relationships among animation, arousal, attention, and task. 
Further, future research could investigate animation’s effects on memory capacity and attentional 
resources under different types of websites and tasks. In this study, we used a relatively common but 
simple task: online shopping. Because we limited the numbers of product categories and possible 
selection, the task complexity was relatively low. This setup allows consumers to expand the amount of 
their attentional resource when needed (i.e., when animation is present). A more complex task could 
exhaust the attentional resources and leave less room for expansion. As such, we need future research to 
test the boundary conditions of animation effects under more complex tasks on different types of websites. 
Note that we did not directly measure the limit of the amount of attentional resources in our study. Future 
research that directly measures the amount of attentional resources and use more complex tasks may 
allow researchers to gain more insights into the effects of animation. 
Lastly, future research can extend the generalizability of our study by investigating animation’s effects on 
individuals in different regions/cultures. Prior studies (e.g., Kankanhalli, Tan, Wei, & Holmes, 2004) have 
shown that individuals’ perceptions and behaviors may depend on cultural settings. 
6.3 Practical Implications 
A review of the top-100 websites rated by Alexa shows that 81.3 percent of shopping websites used some 
sort of animation and that this animation featured three characteristics. First, they tended to use non-
intrusive and much more subtle animation technologies than their counterparts say about a decade ago. 
For example, many websites used a type of animation similar to the transition effect of a PowerPoint slide 
show such that a particular ad would stay still for a few seconds before another ad clicked in and replaced 
it. This motion continued until consumers moved away from the webpage. Practitioners have also noticed 
that “animation is a powerful instrument that in the majority of cases can save the day”; however, as Birch 
(2015) notes, “finding an optimal balance that won't overpower users is the key to success”. A review of 
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studies on “banner blindness” also suggests that an animated ad’s intrusiveness may lead to avoidance 
behavior. We followed the current trend and tested subtle animation in our study. We found positive 
results in the sense that subtle animation can still grab consumers’ attention and lead to a longer viewing 
time not only on the animated items but also to other items on the same webpage; hence, we shed light 
on tackling “banner blindness”. 
Second, in reviewing the Alexa top-100 websites, we also found they tended to apply animation 
technologies to standalone ads either on the top or to the right of the main content area (also see Resnick 
& Albert, 2014). After reviewing studies on banner blindness, we believe that this tendency might be 
another leading cause for the so-called “banner blindness”. As expected, when we applied a subtle 
animation to the main content area, we successfully avoided “banner blindness”. Based on this 
encouraging result, practitioners may consider highlighting the products they want to promote inside the 
product-listing area (instead of framing it as an ad outside the product listing area). In fact, we have 
started to see some shopping websites do exactly that. For example, flipkart.com and jd.com use a 
colorful background to highlight some important product features for a selected number of products on the 
listing page; other websites change the background color of a product title or change the size of the 
product when consumers move their mouse over any part of the product area (e.g., Taobao.com; 
Alibaba.com; rakuten.co.jp). We took this feature a step further by applying a subtle animation because 
researchers (e.g., Folk, Remington, & Johnston, 1992) believe that animation has a stronger attention-
attracting ability than static features, such as color. 
Third, in reviewing the Alexa top-100 websites, we found that most websites applied animation to graphics 
instead of text possibly because earlier applications of animation on texts, such as flashing, enlarged, or 
moving text, were too intrusive and did not generate good results (Bayles, 2002; Benway & Lane, 1998; 
Hong et al., 2004a). Nevertheless, we found two websites that still used enlarging texts in their ads to grab 
attention (xinhuanet.com and pixnet.net) and one that used rolling text (naver.com). In our study, we 
tested a novel form of animation that one can apply to text without such intrusive features and obtained 
positive results. However, applying such an animation on one product may decrease the proportion of 
attention that individuals give to other products. Fortunately, the descriptive statistics in Table 3 show that 
the magnitude of such a decrease was relatively small with our participants. Hence, practitioners need to 
decide if this is a tradeoff that they are willing to make (i.e., inducing more attention to certain products 
under promotion at a (albeit small) cost to other products). 
In short, our study highlights animation’s attention-capturing capabilities when it appears on certain places 
on a webpage and when it is not intrusive. Our results show that online consumers have the tendency to 
allocate a higher proportion of their attentional resources to animated items—particularly when browsing 
product categories without specific target items to purchase in mind. This situation is exactly the type of 
situation when online retailers may want to exercise more influence over their consumers by highlighting 
the products they would like to promote or recommend to online consumers. 
Proper use of a subtle animation can also induce online consumers to view the overall content of a 
webpage for a longer duration. This finding encourages online retailers to use subtle animation on their 
websites to enhance online consumers’ shopping experience and retain them for a longer period, which 
may eventually lead to a higher probability that they will make a purchase. 
7 Conclusion 
We investigated animation’s effects on the duration of time that online consumers spent viewing a 
webpage and how they allocated their attentional resources to both animated and non-animated items. 
Animation increased the duration that consumers spent on viewing the webpage and also the attentional 
resources that they allocated to its content. While animation’s effect on the proportion of attentional 
resources that online consumers allocated to the animated item varied across online tasks, its effect on 
the proportion of attentional resources that they allocated to the non-animated items did not differ 
significantly across online tasks. Online consumers allocated a higher proportion of their attentional 
resources to an animated item when they browsed the website than when they searched for a specific 
target product. The eye-tracking results complement prior studies that focus on animation’s effects on 
attention and cognitive behavior of online consumers.  
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